Objective A low ankle-brachial index (ABI) is a known predictor for future cardiovascular events and mortality in patients with chronic kidney disease (CKD). While most prior studies have defined CKD as an estimated glomerular filtration rate (eGFR) <60 mL/min/1.73 m 2 , recent reports have suggested that the cardiovascular risk may be increased even in early stages of renal insufficiency. We hypothesized that a low ABI may predict future cardiovascular morbidity and mortality in patients with mild impairment of the renal function. Methods The IMPACT-ABI study was a retrospective, single-center, cohort study that enrolled and obtained ABI measurements for 3,131 patients hospitalized for cardiovascular disease between January 2005 and December 2012. From this cohort, we identified 1,500 patients with mild renal insufficiency (eGFR =60-89 mL/min/1.73 m 2 ), and stratified them into 2 groups: ABI ! 0.9 (low ABI group; 9.2%) and ABI >0.9 (90.8%). The primary outcome measured was the cumulative incidence of major adverse cardiovascular events (MACE; cardiovascular death, myocardial infarction, and stroke). Results Over a mean follow-up of 5.0 years, 101 MACE occurred. The incidence of MACE was significantly higher in patients with low ABI than in those with ABI >0.9 (30.2% vs. 14.4%, log rank p<0.001). A low ABI was associated with MACE in a univariate Cox proportional hazard analysis. A low ABI remained an independent predictor of MACE in a multivariate analysis adjusted for cardiovascular risk factors (hazard ratio (HR): 2.27; 95% confidence interval (CI): 1.33-3.86; p=0.002). Conclusion Low ABI was an independent predictor for MACE in patients with mild renal insufficiency.
Introduction
Peripheral artery disease (PAD) is widely known as a predictor of future cardiovascular and cerebrovascular morbidity and mortality (1) (2) (3) . The ankle-brachial index (ABI) is used to detect PAD with high specificity, and a low ABI (ABI ! 0.9) is regarded as a strong predictor of future cardiovascular events and mortality (4) (5) (6) . Chronic kidney disease ing hemodialysis (11, 12) . While most prior studies have defined CKD as an estimated glomerular filtration rate (eGFR) <60 mL/min/1.73 m 2 , recent reports have suggested that the cardiovascular risk may start to increase even earlier, at an eGFR of 90 mL/min/1.73 m 2 (13) (14) (15) . However, the combined effect of low ABI and such a mildly reduced kidney function on cardiovascular events and mortality has not been well investigated.
In present study, we assessed whether or not a low ABI was able to predict future cardiovascular events and mortality in patients with mild renal insufficiency.
Materials and Methods

Study populations
This study was a sub-analysis of the impressive predictive value of ankle brachial index for clinical long term outcome in patients with cardiovascular disease examined by ABI (IMPACT-ABI) study. The IMPACT-ABI study was a retrospective, single-center, cohort study that enrolled 3,131 consecutive patients who were admitted to Shinshu University for cardiovascular disease between January 2005 and December 2012. All patients had their ABI measured upon admission, with no exclusion criteria. We obtained the clinical, demographic, and laboratory data from the medical records. Follow-up data were collected from medical records or by contacting patients. This study was performed in accordance with the Declaration of Helsinki and was approved by the ethics committee of Shinshu University School of Medicine. As the present study was performed retrospectively without written informed consent, the data were analyzed anonymously. This study was registered with the University Hos- Of the initial 3,131 patients, 4 were excluded due to inadequate eGFR data, 47 for previous endovascular treatment, 10 for previous amputation, 1,244 for eGFR <60 mL/ min/1.73 m 2 , and 330 for eGFR " 90 mL/min/1.73 m 2 . We therefore ultimately evaluated the 1,500 patients who exhibited mild renal insufficiency (eGFR 60-89 mL/min/1.73 m 2 ). We divided the study cohort into 2 groups based on the ABI: a low ABI group (ABI ! 0.9), and ABI >0.9 group. We then analyzed the relationship between the ABI and prognosis (Fig. 1 ).
Definitions
The GFR was estimated using the Japanese equation for estimating the kidney function, as follows: eGFR (mL/min/ 1.73 m 2 ) =194× Serum creatinine -1.094 × Age -0.287 for male patients, with the same calculation multiplied by 0.739 for female patients (16) . A patient was defined as having PAD when presenting with ABI values ! 0.9 in either leg (6) . Allcause death was defined as any death recorded during the follow-up period. Cardiovascular death was defined as death resulting from acute myocardial infarction (MI), significant cardiac arrhythmia, congestive heart failure (HF), stroke, or other cardiovascular causes (17) . MI was defined as a 2-fold rise in serum troponin I or in creatine kinase-MB isoenzyme to least twice the upper normal limits with acute onset of prolonged typical ischemic chest pain, ST-segment elevation of at least 1 mm in 2 contiguous electrocardiogram leads, or ST-segment depression of at least 0.5 mm in 2 contiguous leads (17) . Stroke was defined as ischemic stroke that persist for " 24 hours or evidence of infarction on magnetic reso-nance imaging (17) . Previous HF was defined as a prior diagnosis of HF according to the Framingham criteria (18) or current treatment for HF. Hypertension was defined as systolic blood pressure " 140 mmHg, diastolic blood pressure " 90 mmHg, or the current use of anti-hypertensive agents. Dyslipidemia was defined as serum total cholesterol levels " 220 mg/dL, low-density lipoprotein cholesterol levels " 140 mg/dL, high-density lipoprotein cholesterol levels ! 40 mg/ dL, triglyceride levels " 150 mg/dL, or the use of lipidlowering agents. Coronary heart disease was defined as a history of angina or previous MI. Diabetes mellitus (DM) was defined as fasting blood glucose levels " 126 mg/dL, casual plasma glucose levels " 200 mg/dL, HbA1c " 6.5%, or the use of insulin or oral hypoglycemic agents. Anemia was defined as hemoglobin levels <13.0 g/dL in men or <12.0 g/ dL in women (19) . A smoking habit was defined according to the current smoking status, as obtained by an interview. Echocardiographic parameters included the left ventricular ejection fraction (LVEF), as estimated using the Teichholz method.
ABI measurement
The ABI was determined using the form pulse wave velocity (PWV)/ABI (Omron Colin, Tokyo, Japan) with the patient at rest in the supine position for at least 10 minutes. The form PWV/ABI is an automated oscillometric device with four cuffs that can measure the blood pressure in both the upper and lower extremities simultaneously. The ABI was obtained as the ratio of the systolic blood pressure measured in the lower extremity divided by the higher of the two systolic blood pressures measured in the upper extremities. The lower of the two results was used as the patient ABI for all analyses.
Outcome measures
The primary outcome of this study was the cumulative incidence of major adverse cardiovascular events (MACE), including cardiovascular death, MI, and stroke. The secondary outcome was all-cause death, cardiovascular death, MI, and stroke.
Statistical analyses
Continuous variables were presented as the median and interquartile range (25th to 75th percentile), as these variables were non-normally distributed. Normal distribution of data was tested using the Shapiro-Wilk test. Categorical variables were expressed as numbers and percentages. Differences regarding categorical variables were assessed using the chi-squared test, while the Mann-Whitney U test was used to assess differences regarding continuous variables. Cumulative occurrences were estimated using the KaplanMeier method, and differences were compared using the log-rank test. For each group, univariate Cox proportional hazard analyses were performed to determine the independence of the predictors of MACE and all-cause death. Variables that were associated with MACE and all-cause death in the univariate analysis (p<0.1) were entered into the multivariable model. The magnitude of the relationship between variables and MACE or all-cause death was expressed as the hazard ratio (HR) and 95% confidence interval (CI). A twotailed p<0.05 was considered statistically significant. All statistical analyses were performed using the SPSS version 22 software program (SPSS, Chicago, USA).
Results
Characteristics of the study population
The baseline characteristics of our cohort are shown in Table 1 . The median age was 68 years, and 70.1% of the patients included in the study were male. The causes of admission among the enrolled patients were acute MI (4.0%), unstable angina pectoris (1.6%), stable angina pectoris (27.3%), other atherosclerotic diseases (28.2%), arrhythmia (21.6%), heart failure (12.8%), and others (3.6%). The patients were stratified into 2 groups as follows: 138 patients (9.2%) had a low ABI (! 0.9), while 1,362 patients (90.8%) had an ABI >0.9. No marked differences between the two groups were observed with respect to dyslipidemia, eGFR, atrial fibrillation, previous HF, coronary heart disease, previous MI, LVEF, or levels of B-type natriuretic peptide (BNP). However, patients with a low ABI were significantly older, more predominantly male smokers, and had a lower body mass index (BMI) and a higher incidence of hypertension, DM, anemia, and previous cerebral infarction than those with an ABI >0.9. The use of antiplatelet agents and angiotensin-converting enzyme inhibitors (ACEIs) or angiotensin receptor blockers (ARBs) was significantly higher in patients with a low ABI, while the use of beta-blockers was significantly higher in patients with an ABI >0.9.
Distribution of ABI values
The distribution of ABI values is illustrated in Fig. 2 . The median value (interquartile range) was 1.12 (1.04-1.17), with the most frequent values ranging from 1.10 to 1.19 (40.1%), followed by those ranging from 1.00 to 1.09 (26.3%). The prevalence of a low ABI (ABI ! 0.9) was 9.2%.
Incidence of MACE and all-cause death
During the follow-up period (median, 5.0 years), a total of 101 MACE occurred, including 66 cardiovascular deaths, 32 strokes, and 18 MIs. There were 163 all-cause deaths (cardiac, 52; stroke, 14; cancer, 42; respiratory failure, 17; infection, 3; renal failure, 1; decrepitude, 8; other, 26). In the group of patients with a low ABI, a total of 21 MACE (cardiovascular death, 13; stroke, 7; MI, 4) and 29 all-cause deaths occurred. In the group of patients with ABI >0.9, a total of 80 MACE (cardiovascular death, 53; stroke, 25; MI, 14) and 134 all-cause deaths occurred.
The Kaplan-Meier analysis showed that the cumulative incidence of MACE (Fig. 3A) was markedly higher in patients with a low ABI than in those with ABI >0.9 (30.2% vs. 14.4%, log rank p<0.001). Similarly, the cumulative incidences for all-cause death, cardiovascular death, stroke, and MI ( Fig. 3B -E) were significantly higher in the patients with a low ABI than in those with an ABI >0.9 (34.9% vs. 21.3%, log rank p<0.001; 20.2% vs. 8.5%, log rank p< 0.001; 7.2% vs. 4.1%, log rank p=0.004; 7.6% vs. 3.7%, log rank p=0.033, respectively).
Predictors of MACE and all-cause death
We performed Cox proportional hazard analyses to evaluate the prognostic value of a low ABI for MACE ( Table 2) . The univariate analysis showed that the HR of low ABI for MACE was 3.08 (95% CI: 1.90-5.00; p<0.001). After adjusting for age, sex, medication, and traditional cardiovascular risk factors, a low ABI remained an independent predictor of MACE (HR: 2.27; 95% CI: 1.33-3.86; p=0.002). Additional independent predictors of MACE were advanced age, reduced LVEF, ACEI and/or ARB use, and a smoking habit. Table 3 contains the results of the univariate and multivariate Cox regression analyses for predictors of all-cause mortality. In the multivariate analysis adjusted for all factors found to be associated with all-cause death in the univariate analysis (i.e. age, sex, BMI, previous cerebral infarction, dyslipidemia, LVEF, smoking habit, anemia, ACEI and/or ARB use, and the levels of BNP), a low ABI was an independent predictor of all-cause death (HR: 1.58; 95% CI: 1.02-2.45; p=0.040).
Predictors of MACE in patients with CKD
In a separate analysis, we also identified 1,244 patients with CKD (eGFR <60 mL/min/1.73 m 2 ). A total of 51 MACE occurred in patients with low ABI (n=279). In patients with ABI >0.9 (n=965), a total of 113 MACE occurred. We next performed a multivariate Cox proportional analysis adjusted for traditional cardiovascular risk factors. As shown in Table 4 , low ABI was an independent predictor of MACE in this group (HR: 1.57; 95% CI: 1.08-2.26; p= 0.016).
Discussion
To our knowledge, this is the first report describing the predictive power of a low ABI on the prognosis of patients with a mildly reduced kidney function. We demonstrated that the incidence of MACE (cardiovascular death, MI, and stroke) in patients with mild renal insufficiency was markedly higher if the ABI was low (ABI ! 0.9) than if the ABI was >0.9. Furthermore, the all-cause mortality rate during the follow-up period was significantly higher in patients with a low ABI. Another important finding of the current study was that a low ABI was an independent predictor for MACE and all-cause mortality in patients with mild renal insufficiency. Additional independent predictors of MACE were advanced age, reduced LVEF, ACEI or ARB use, and smoking habit. Our results support those obtained in previous randomized studies (19) (20) (21) (22) . In our cohort of patients with mild renal insufficiency, the group of patients with a low ABI contained more males and tended to be significantly older with more conventional cardiovascular risk factors than the patients with ABI >0.9. However, after adjusting for these risk factors, low ABI was found to be independently associated with MACE and all-cause death.
While most prior studies defined CKD as an eGFR <60 mL/min/1.73 m 2 , several recent findings have suggested that increased cardiovascular morbidity and mortality are already observed at eGFR levels below 90 mL/min/1.73 m 2 (13) (14) (15) . Despite its poor prognosis, the combined effect of PAD and mild renal insufficiency has not been discussed. It is impor- tant to note that the number of individuals with such mildly impaired renal function is estimated to be 63 million among the general Japanese population (23) . We showed that the incidence of MACE, all-cause death, cardiovascular death, MI, and stroke in patients with mild renal insufficiency was significantly higher if the ABI was low. Therefore, early screening of such individuals and subsequent surveillance of the identified high-risk patients are essential. At the very least, we should start treatment for these patients based on the latest the American College of Cardiology Foundation/ the American Heart Association (ACCF/AHA) guidelines for patients with PAD, including antiplatelet therapy and smoking cessation (6) . In particular, smoking prevalence was significantly higher in patients with a low ABI in this study than in those with a higher ABI (Table 1) . Furthermore, a smoking habit was an independent predictor for MACE (Table 2). Smoking cessation may be recommended for patients with mild renal insufficiency and a low ABI. The prevalence of a low ABI in the general Japanese population varies from 1.47% (24) to 2.7% (25) . The prevalence of a low ABI in our cohort was 9.2%, which is higher than that in the general Japanese population. However, with respect to the ABI values, the median (interquartile range) in our cohort was 1.12 (1.04-1.17), while most values ranged from 1.10 to 1.19 (40.1%), followed by values ranging from 1.00 to 1.09 (26.3%). This distribution of the ABI values is similar to that reported in prior studies of the Japanese general population (24, 25) . As PAD is widely regarded to be a clinical manifestation of advanced systemic atherosclerosis (3), it is likely that mild renal impairment is related to manifestations of the initial stages of atherosclerosis.
Luo et al. reported that patients with PAD combined with CKD had significantly higher rates of all-cause and cardiovascular mortality than patients with PAD alone or CKD alone (10) . Several authors have shown that, in patients with PAD, a lower eGFR was related to a higher rate of cardiovascular events and mortality (26, 27) . However, these studies focused on patients with an eGFR of <60 mL/min/1.73 m 2 . Previous studies have shown that a low ABI is an independent predictor of all-cause and cardiovascular mortality in patients with advanced-stage CKD or patients undergoing hemodialysis (11, 12) . Consistent with previous studies, low ABI was an independent predictor of MACE in patients with CKD in this study. We further showed that a low ABI was associated with an alarmingly increased incidence of MACE and all-cause mortality, even in patients with mild renal insufficiency. Thus, special attention should be given to patients with mild renal insufficiency that exhibit a low ABI, because this patient population is more likely to experience cardiovascular events in the future than those with higher ABI values. Early detection of low ABI in patients with a mildly reduced renal function and treatment based on the latest ACCF/AHA guidelines for the management of patients with PAD may help prevent the progression of cardiovascular disease.
While our study population was large and we were able to detect a sufficient number of cardiovascular events, our study is limited in several ways. First, it was a retrospective analysis and involved patients who were hospitalized for cardiovascular disease at a single institution in Japan. Thus, our study population may not be representative of the general population. Second, we did not have access to information regarding proteinuria or albuminuria. The combination of proteinuria and a reduced eGFR was found to be associated with a substantial increase in mortality (28) , while microalbuminuria was found to be correlated with cardiovascular and non-cardiovascular mortality in the general population (29) . We were therefore unable to assess the relationship between a low ABI and mild renal dysfunction after adjusting for proteinuria or albuminuria. Third, we assumed the treatment based on the PAD guidelines to be effective in patients with mild renal insufficiency and a low ABI. Although it is important to note that any risk reduction therapy in these patients is speculative, because there are no prospective randomized controlled trials that have examined the effectiveness of therapy in patients with mild renal insufficiency and a low ABI. Finally, although it is possible that there is a combined effect of mild renal insufficiency and PAD promoting the atherosclerotic process, which in turn contributes to cardiovascular events and mortality, we were unable to completely clarify the pathophysiologic mechanism underlying the mildly impaired renal function in the presence of a low ABI that is associated with the prognosis of cardiovascular disease. Future investigations are warranted in order to determine the pathophysiologic mechanism underlying the combined effect of PAD and mild renal insufficiency that leads to a poor prognosis.
Conclusion
We found that patients with a mildly impaired renal function accompanied with a low ABI had a significantly higher incidence of MACE and all-cause death than patients with an ABI >0.9. Furthermore, a low ABI was an independent predictor of MACE and all-cause death.
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